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1. Introduction 
Despite advances in the management of ruptured abdominal aortic aneurysms (RAAA), the 
mortality remains high. Approximately 6,000 men per year die from RAAA in England and 
Wales, accounting for 2% of deaths(1).  In 2009 the UK National Vascular Database reported 
approximately 17% of aneurysms treated were ruptured, with an open mortality of 38%(2). 
The significant operative mortality for open repairs may reflect an irrecoverable 
physiological insult at the time of operation. Avoidance of laparotomy, retroperitoneal 
dissection and aortic cross clamping make endovascular techniques appealing for this high 
risk patient cohort. 
Over the last decade, Endovascular Aneurysm Repair (EVAR) has become an established 
alternative to open surgery for the management of elective Abdominal Aortic Aneurysms 
(AAA). EVAR confers reduced early mortality(3), shorter operating time, fewer post-
operative complications, reduced blood transfusion requirements, shorter ITU and hospital 
stay(4).  
EVAR for RAAA was first reported in 1994(5). Currently its use is limited to specialist centres 
in the UK.  The VASCUNET(6) multi-national database in 2008 reported 7466 RAAA of which 
6468 were managed by open repair and only 478 by EVAR. The open mortality rate was 33% 
compared to 15% for EVAR. However, current published data for REVAR are subject to 
selection bias and the benefit of REVAR is unclear(7). EVAR is likely to be offered to stable 
patients or high surgical risk patients(8) and unstable patients are likely to have an open 
repair. Protocols and standard operating procedures are often reported incompletely or not at 
all making interpretation of results difficult. A pilot RCT was terminated early(9) due to slow 
recruitment at a single site and an over optimistic power calculation, and the evidence from 
single centre reports, systematic reviews and population based studies is weak. 
This chapter outlines the patient selection, operative parameters, and post operative 
complications together with an evidence review for REVAR.  
2. Patient selection 
Indications for REVAR are variable between institutions. REVAR is used to treat all 
anatomically suitable RAAA in some centres, whereas its use is confined to 
haemodynamically stable patients in others; definitions of haemodynamic stability also 
vary(10). There are still many centres in the UK without a dedicated REVAR team and 
REVAR may not be routinely offered out of hours.  
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2.1 Haemodynamic parameters 
Selection bias of previous studies suggested that REVAR was suitable only for stable patients. 
Hypotensive patients were considered unsuitable because of potential delays in obtaining a 
CT scan. However this has recently been challenged by the concept of "permissive 
hypotension" and hypotension is now not considered to preclude the use of EVAR. 
Animal models of uncontrolled haemorrhage showed increased bleeding(11) and decreased 
survival when systolic blood pressure alone was the goal of resuscitation. In theory, 
increased fluid resuscitation leads to increased arterial and venous pressure, dilution of 
clotting factors and decreased blood viscosity. Permissive hypotension is the restrictive use 
of fluid therapy(12) to maintain SBP below normal physiological parameters with the aim of 
minimising blood loss prior to definitive intervention.  Fluid input is titrated to maintain 
brain/vital organ perfusion. Whilst some authors advocate a SBP > 80mmHg to avoid 
cardiac, splanchnic, renal and brain ischaemia(13), others allow the SBP to fall to 50mmHg 
or less without fluid administration as long as the patient is moving and talking(14).  
2.2 Anatomical criteria 
Most centres require preoperative contrast enhanced CT to assess anatomical suitability for 
EVAR. Approximately 50% of patients presenting as an emergency are thought to be 
anatomically suitable for EVAR(15-16). Although, there is variability in the rapid availability 
of CT scans, pre procedural CT scans do not appear to significantly delay treatment or have 
an impact on outcome(9, 17) and the majority of patients who reach hospital with RAAA are 
stable enough to undergo a CT(18) prior to intervention. Newer "Hybrid" operating/angio 
suites often incorporate a CT scanner. This may decrease the delay between presentation 
and procedure commencement by reducing transfer time.  
 
 
Fig. 1. A. CT scan of a contained ruptured AAA 
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Fig. 1. B. The same patient following successful REVAR with a bifurcated graft. Note the 
right common iliac artery was aneurysmal necessitating coverage of the right internal iliac 
artery.  
In unstable patients, CT may be avoided by performing intra-operative fluoroscopy to 
directly evaluate aneurysm morphology(10, 19). Graft sizing measurements are taken using 
calibrated catheters. However, this does not accurately show thrombus or atheroma lining 
the graft landing zones and was only able to predict the correct size of the graft in 60% of 
patients in an elective series. 
RAAA usually present at a larger size with more adverse anatomical features than 
asymptomatic AAA(20). Data shows a significant increase in graft (procedural) related 
mortality in patients with adverse anatomy(8). In such cases open repair may be the 
preferred option.  Although eligibility criteria are the same as those used for elective EVAR, 
the primary objective is survival and not long term durability of the device and it may be 
appropriate to consider less stringent anatomical criteria in patients with ruptured AAA(21-
22). There is evidence that successful procedures can occur in the presence of adverse 
morphology. Alsac et al included neck angulation to 90o and reported EVAR to be suitable 
in 59% of cases(23), Moore advocated graft placement in necks of less than 10mm in length 
with the use of ancillary bare metal stenting of the pararenal neck(24). Metha et al accepted 
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necks as short as 5mm(21). Others have suggested electively covering the renal arteries in 
the emergency setting(22) a scenario that was fatal in the cases in this case series. 
Another option for an unsuitable neck is to design and manufacture a fenestrated stent graft 
out of a commercially available device(25). However, it takes time to prepare the graft and 
some of the materials needed for construction e.g. fenestration markers are not routinely 
available. This is clearly not an option in the haemodynamically unstable patient. With the 
development of “off the shelf” fenestrated stent grafts, emergency fenestrated EVAR may 
become a more common future development.  
Newer techniques such as “chimney” or “snorkel” procedures ( fig 2) have been successfully 
reported for REVAR(25-26). This uses a technique of parallel stents for branching arteries 
and allows proximal placement of an endograft in the setting of a very short neck (2-3mm). 
Flow is secured to the branch arteries by inserting the renal artery stents simultaneous to the 
deployment of the aortic stent graft; this increases the number of short necked aneurysms 
that can be treated dramatically. This technique has also been used as a bail out option 
following inadvertent coverage of the renal arteries by converting to immediate laparotomy 
and retrogradely cannulating the renal arteries. 
 
 
Fig. 2. CT showing a snorkel graft.  
3. Procedure details 
3.1 Theatre set up 
Emergency EVAR should be undertaken in centres experienced and familiar with EVAR, 
where a multidisciplinary training programme and a pan-departmental protocol for the 
management of emergency EVAR can be effectively established. No individual factor leads 
to increased complications of emergency surgery, small errors often as a result of lack of 
familiarity, can compound to disrupt the normal planned sequential steps involved in graft 
placement. A dedicated REVAR team should therefore be available at all times with cross-
departmental multidisciplinary training and rehearsal(21, 24). 
Centres should have access to an endovascular suite with good quality imaging. A “Hybrid 
suite” is an ideal scenario and allows easy conversion to open surgery if necessary. 
Experience with adjunctive procedures and availability of different endograft options may 
facilitate EVAR in adverse anatomy(21, 27). Good imaging is vital for complex and /or 
ancillary procedures, cannulation and stenting of the renal arteries in case of pararenal top 
stent EVAR placement, placement of top cuff extension pieces, coiling of the internal iliac 
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artery for limb extension and potentially in the future for the use of iliac bifurcation devices 
or preloaded fenestrated devices. 
In America EVAR has steadily increased for ruptured AAA. However, a reduction in mortality 
following REVAR was only seen in larger high volume centres. Lesperance et al showed a 
mortality of 21% in teaching hospitals compared to 55% at non-teaching hospitals(28). Other 
studies have also shown improved survival in experienced high volume centres(10) (26 v 46% 
mortality for REVAR(29)). Further, a 22.5% absolute risk reduction in mortality was seen after 
implementation of a structured protocol for management of RAAA and the use of an 
algorithm favouring endovascular repair(30). It is likely that the management of REVAR will 
be centralised to major regional vascular centres for optimal outcome. 
 
 
Fig. 3. An algorithm used by a centre in Canada(24).  
3.2 Anaesthesia 
REVAR may be performed under general anaesthesia, epidural or local anaesthesia with 
sedation(31). Induction of general anaesthesia inhibits the sympathetic vascular tone thereby 
inducing acute haemodynamic changes. It can also cause loss of abdominal muscle tone 
which may precipitate a free rupture from a previous aortic tamponade.  REVAR under 
local anaesthetic is therefore often the preferred method and may improve patient 
outcome(32). Inadequate analgesia however may lead to restlessness and conversion to GA 
may be required. Although bifurcated grafts may be completed under local anaesthetic, AUI 
stent grafts require conversion to GA for the femoro-femoral bypass graft.  
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3.3 Haemorrhage control 
Most patients who reach hospital with RAAA are stable and among those patients that 
reach hospital alive, around 90% of the deaths take place more than 2 hours after arrival(18). 
In the majority of cases swift deployment of the endograft results in successful haemorrhage 
control(13). However, patients with life threatening haemodynamic instability require 
immediate proximal occlusion of the aorta to control bleeding. This can be rapidly 
established by inflation of a compliant latex balloon placed via either the brachial or femoral 
routes to provide temporary haemostasis prior to definitive aneurysm exclusion(14).  
 
 
Fig. 4. Aortic occlusion balloon 
A brachial approach may prevent distal migration of the balloon and allow transfemoral 
insertion of the stent graft with the aortic balloon still inflated. However, percutaneous 
brachial/axillary puncture is difficult in a shocked patient and surgical cut down is time 
consuming. Descending aortic catheterisation from the right arm is associated with the risk 
of cerebral emboli and the left sided approach may interfere with positioning of the C-arm 
fluoroscope.  
Percutaneous femoral puncture may be easier in the hypotensive patient(33). The 
descending aorta is catheterised and a sheath inserted into the supra-/para renal aorta. The 
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balloon is passed through the sheath and inflated. The sheath is advanced to support the 
inflated balloon from below and avoid distal dislocation when the blood pressure rises. The 
aortic stent graft is inserted from the contralateral groin via a stiff wire running outside the 
inflated balloon. The sheath that supports the balloon must also protrude above the stent 
graft to allow withdrawal of the balloon into the sheath after the endograft has been 
released; otherwise it is impossible to retrieve the balloon past the deployed stent graft. 
Conventional iodinated contrast may poorly delineate the aortic branches due to arrest of 
the blood flow. CO2 angiography is a useful adjunct(33). The balloon itself may occlude the 
renal arteries and should be cranially repositioned if the renal arteries cannot be identified. 
A second aortic balloon is inflated inside the main body of the stent graft as soon as the 
main body has been deployed and the primary balloon and supporting sheath are removed. 
This minimises visceral branch ischaemia. 
Complications of aortic occlusion balloons include renal and splanchnic ischaemia and 
embolisation(34). The majority of patients do not require an occlusion balloon and the balloon 
should only be used in life threatening haemorrhage. The indications for aortic balloon control 
vary between centres and it may be used in approximately  18-23% of patients(10). 
3.4 Graft configuration 
Both bifurcated and aortouni-iliac(AUI) devices can be successfully used. A recent survey 
found that approximately 75% of grafts used are modular and 25% are unibody(10). 
Although AUI devices require a GA for the subsequent femoro-femoral crossover, they can 
be used to exclude contralateral common iliac aneurysms, are quick and easy to deploy(35) 
and may produce faster haemorrhage control. An appropriate inventory of suitable grafts 
and accessories must be stocked and available for procedural and unexpected contingencies. 
4. Morbidity and mortality 
Current evidence suggests that REVAR may be of benefit in the reduction of peri-operative 
morbidity and mortality as compared with open repair, in particular for haemodynamically 
stable patients. Single centres have reported small series with a mortality for REVAR of 15.6-
24%(23, 36-37) and two multi-centre studies reported similar results of 26-45%(29, 38) 
mortality. In a systematic review of 22 studies REVAR was associated with reduced 
mortality (odds ratio 0.624)(39) and a further review showed a pooled mortality of 21%(40). 
However a randomised controlled trial failed to demonstrate a benefit with a mortality rate 
of 53% for both open repair and REVAR.  
REVAR may be associated with lower postoperative physiological complications, reduced 
ITU and hospital stay compared to open repair(29, 39). REVAR is associated with an 
increased mortality (OR 7.2) in high surgical risk patients(41) compared to REVAR in low 
risk patients and may not be the “easier option” for high risk patients. These results should 
be used to influence the consent process for such patients. 
4.1 Visceral ischaemia 
The incidence of ischaemic colitis in elective EVAR is around 1%(42). The cause is multi-
factorial and includes interruption of the inferior mesenteric artery, microembolisation, 
hypoperfusion, abdominal compartment syndrome and interruption of the hypogastric 
arteries.  REVAR patients are likely to be more susceptible and the incidence of colonic 
ischaemia may be as high as 20%(43). This may be proportional to the level of pre-operative 
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hypotension(44). Although previous reports suggest that it is safe to cover one or even both 
internal iliac arteries in the elective setting(45-46), reports of colonic ischaemia have 
followed an occlusion of at least one internal iliac artery.  
4.2 Compartment syndrome 
Abdominal compartment syndrome is an important cause of multi organ failure and occurs 
in around 10 -12% of patients(10, 47). Some centres routinely measure the bladder pressure 
and open the abdomen in the absence of organ failure(32, 48). Other centres only perform 
laparostomies in the presence of deteriorating BP, lung and renal function(14, 49).  The intra-
abdominal pressure may be increased secondary to the retroperitoneal haematoma in 
REVAR patients and surgical decompression is occasionally needed. Successful outcome 
depends on early recognition, early conservative treatment to reduce intra-abdominal 
hypertension (diuretics, colloids and neuromuscular blockade) and decompression if 
abdominal compartment syndrome develops. 
4.3 Endoleak 
Although late technical failures are more likely with inaccurate graft placement, difficult 
anatomy in the emergency setting may mean acceptance of a potentially inadequate repair. 
It may be better to return the patient to theatre once stabilised in the post operative period, 
prior to discharge to improve the seal zone. 
It is likely that the incidence of type 1 endoleak is higher for REAVR than elective EVAR. 
However, these are poorly reported and the true incidence is unclear. Most REVAR series 
are small with short term follow up only, making meaningful data extraction difficult. 
However published series have shown a type I endoleak rate of 11.7 – 15.7% and a type II 
rate of around 25%(13, 32) for REVAR. A type 1 endoleak in a RAAA is a potential cause of 
ongoing haemorrhage and should be treated urgently.  
5. Future trials 
Three randomised controlled trials are currently underway, the Dutch AJAX trial, the 
French ECAR trial and the UK IMPROVE Trial. 
5.1 The AJAX trial 
The Amsterdam Acute Aneurysm Trial(50) is a multi-centre randomised controlled trial. 
Stable, anatomically suitable patients are randomised to either open repair or REVAR. The 
primary endpoint is 30 day mortality and severe morbidity and the secondary endpoints are 
quality of life and cost effectiveness. Started in 2004, the trial was based on an initial 
recruitment of just 80 patients. No significant difference was seen and recruitment has 
therefore been extended twice and is still ongoing. 
5.2 ECAR trial 
The Endovasculaire vs Chirurgie dans les Anevrysmes Rompus is a multi centre 
randomised controlled trial(51). All consecutive patients with ruptured aorto-iliac 
aneurysms who are haemodynamically stable (SBP>80), and have favourable anatomy are 
included. The primary outcome is 30 day mortality. Secondary outcomes are cardiovascular, 
pulmonary, gastrointestinal, renal and neurological morbidity, time in ITU and volume of 
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blood transfused. All stable patients undergo CT scan and patients who are anatomically 
suitable are randomised to open repair or EVAR. The study started in 2008 and aims to 
recruit around 160 patients. 
5.3 IMPROVE trial 
The UK based Immediate Management of the Patient with Rupture: Open Versus Endovascular 
Repair (IMPROVE)(52) is a multi-centre international randomized controlled trial currently 
underway. This study differs from the previous two because it recruits “all comers”. Patients 
with a clinical diagnosis of RAAA are randomized to either immediate CT scan and 
endovascular repair whenever anatomically suitable, or to open repair with CT scan being 
optional. The protocol of permissive hypotension is incorporated. Recruitment started in October 
2009 and it is anticipated 600 patients will be required to show a 14% survival benefit for EVAR. 
The trial addresses whether the anticipated reduced mortality and morbidity associated with 
EVAR is offset by the relatively greater ease of access and speed to conventional surgery. 
6. Conclusion 
The use of EVAR is feasible in patients who present with a ruptured or acutely symptomatic 
AAA. Current evidence is weak and has likely inclusion bias; however published mortality 
rates are lower for REVAR than for open repair. Patient selection for REVAR varies between 
centres but the concept of “permissive hypotension” has increased the patient cohort 
undergoing REVAR. Mortality rates are lower in high volume centres; this may reflect 
experience in centres familiar with emergency EVAR, experience with adjunctive 
procedures, establishing control in heamodynamically unstable patients by supra renal 
aortic occlusion balloon placement, and the use of large balloon mounted stents to reinforce 
a short or angulated neck. Availability of different endograft options may facilitate EVAR 
for adverse anatomy and access to an endovascular suite with good quality imaging is 
undeniably beneficial. REVAR may also be associated with lower postoperative 
physiological complications, reduced ITU and hospital stay compared to open repair. 
However further studies are needed to produce concrete evidence. Current international 
multi-centre trials are underway to determine the benefit. 
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